In recent years, with the development of the rural e-commerce, the importance of rural logistics has been widely recognized. The selection of rural logistics center is a crucial part in products circulation, because an unreasonable location of rural logistics can cause a circulation problem and product waste. In this paper, we propose a rural logistics center location model based on the theory of intuitionistic fuzzy TOPSIS. First, we integrate the information according to experts' score based on the evaluation index system. Second, we use the entropy weight method to determine the weight of each evaluation index. Third, we rank the results by using the intuitionistic fuzzy TOPSIS method. Finally, an illustrative example will be used to prove the validity and feasibility of the proposed method.
Introduction
Agriculture plays an important role in production. However, farmers focus on agricultural production more than the circulation process that leads to agricultural product backlog rot and poor harvests. This not only damages the interests of farmers, but also causes the waste of agricultural resources. Imperfect rural infrastructure construction seriously hinders the development of the rural logistics industry, which leads to the current difficulty. To a large extent, inconvenient rural logistics affects the development of economy. Rural logistics is relative to the concept of urban logistics. Rural logistics refers to rural resident production and life and other economic activities to provide transportation, handling, loading and unloading, packaging, processing, and storage and all its related activities [1] . Not only does it benefit the farmers' lives and improves the economic income of farmers, but also it accelerates the production and development of agriculture. Rural logistics has distinct features of distinct seasonality, biology, decentralization, diversity, and complexity [2, 3] .
At present, there is small scale and a little quantity in rural logistics. Agricultural products can only be circulated within a small scale, which cannot meet the development requirements of the rural logistics industry. There are many problems in the existing logistics centers that need to replanned and rebuilt. The unreasonable location of rural logistics can cause a circulation problem and products waste. It also can aggravate the waste of labor and the urban-rural economic gap [4] . Therefore, not only can reasonable rural logistics center location selection achieve the outward transportation of agricultural products, but also it implements effective product circulation between cities, other regions, and even other countries and forms two-way logistics, leading to the development of the economy.
Experts have different opinions on the rural logistics center location. Amini used fuzzy TOPSIS methodology in rural industrial site selection [5] . Rao et al. proposed a fuzzy TOPSIS method in city logistics centers location selection and evaluation criteria are transformed into linguistic 2-tuples in this method [6] . Li et al. presented a comprehensive methodology combined with Axiomatic Fuzzy Set and TOP-SIS for logistics center location selection [7] . Compared with other methods [8] , TOPSIS is widely used in all aspects of the multiple attribute decision-making, such as the evaluation of suppliers, electronic commerce, electronic information, and logistics node location. However, many criteria and linguistic variables are difficult to accurately describe and order [9] . The existing methods based on interval numbers and fuzzy numbers need to use prior knowledge that makes the evaluation result subjective [10, 11] . Hence, these 2 Mathematical Problems in Engineering researches make conclusion unreasonable by using processed data. Compared with these methods, intuitionistic fuzziness can effectively reduce the fuzziness and make the results more realistic and accurate by using raw date [11] [12] [13] . Intuitionistic fuzzy improved TOPSIS can effectively deal with uncertainty evaluation information.
In the rural logistics center location of the existing research, most theoretical models and algorithms focus on a single project model where application value is not high and model accuracy and science degrees are not perfect. And part of the studies also stay on a level that only considers a single objective and aims at cost or benefit [2, 10, 14] . They considered other indicators as a constraint and the establishment of the evaluation index system is not to carry out the green circulation and sustainable development concept.
This paper studies rural logistics center location selection based on the theory of intuitionistic fuzzy TOPSIS. Based on the existing theories and empirical studies, this paper establishes the evaluation index system of logistics center location standing in the rural demand angle that combines logistics center location of the relevant theories and the characteristics of the rural logistics. Based on the rural electricity under the incomplete information logistics center location selection problem, this paper establishes the rural electric business logistics center location decision model using the theory of intuitionistic fuzzy sets and TOPSIS decisionmaking. This model calculates the weight with intuitionistic fuzzy weight and uses TOPSIS decision-making method for a final decision. This method is easy to operate and can help decision-makers quickly find out the suitable criteria for the development of the rural logistics center location. Finally, we give an illustrative example that proves the validity and feasibility of evaluation methods.
The Proposed Method

Intuitionistic Fuzzy Set.
The intuitionistic fuzzy set is relative to the expansion of the traditional fuzzy sets. Intuitionistic fuzzy sets take into account the membership degree and information such as the degree of membership and hesitation [15] . Therefore, the intuitionistic fuzzy set is more flexible than traditional fuzzy sets and practical in dealing with vagueness and uncertainty. Compared with fuzzy sets, the intuitionistic fuzzy collective shows the fuzziness and uncertainty in the real world and it can better deal with the uncertain information in the decision-making process [7, 9, [15] [16] [17] . This method has good performance in terms of theory and application. At present, the intuitionistic fuzzy set applies to decision-making, medical diagnosis, logic programming, pattern recognition, machine learning, market prediction, and so forth [16] .
Definition 1.
Set is a nonempty set; then, the theory of domain on intuitionistic fuzzy sets can be represented as :
Among them, is the membership degree for , ] is the nonmembership degree for , and ( ) and ] ( ) are for the element that belongs to membership and the nonmembership degree:
They meet the condition
For the theory of domain intuitionistic fuzzy set of ,
The element in belongs to degree of hesitation or uncertainty.
Obviously, for any ∈ , we have 0 < ( ) < 1.
In particular, any fuzzy set in the theory of domain can be established in the following equation:
Sets and are two fuzzy sets in the theory field ; multiplication is defined as
The Proposed Algorithm.
Unlike traditional TOPSIS decision, the elements of the decision matrix are intuitionistic fuzzy numbers under the environment of intuitionistic fuzzy TOPSIS multiple attribute decision-making method. We calculated each scheme and the distance between the ideal solution and the negative ideal solution with intuition fuzzy number related calculation formulas. First, experts integrate assessment information according to the evaluation index system. Then, entropy weight method is used to determine the weight of each evaluation index. Finally, we determine the decision scheme of sorting by intuitionistic fuzzy TOPSIS method for logistics center.
The specific decision-making steps are as follows.
Step 1 (determine the weight of decision-makers). We assume that the decision-making group has . The data of decisionmaker is represented by intuitionistic fuzzy numbers.
, ] is the rating fuzzy number directly of DM . The weight of DM is as follows:
Under the condition, ∑ =1 = 1.
Step 2 (construct intuitionistic fuzzy matrix). Intuitionistic fuzzy decision matrix is
In the process of group decision-making, IFWA (direct fuzzy weighted average) is presented because all personal opinion decisions need to be integrated into the group opinion structure polymerization intuitionistic fuzzy matrix:
Under the condition, = ( ( ), ] ( ), ( )) ( = 1, 2, . . . , ; = 1, 2, . . . , ).
Aggregated direct fuzzy matrix structure is as follows:
= (
Step 3 (determine the weight of the evaluation criteria). Evaluation criteria are unlikely to be equally important. represents a series of important degree levels. We get by integrating the importance of the decision-maker opinions and standards.
The intuitionistic fuzzy standard of DM is
Calculate the weight of the standard with IFWA.
Among them, = ( , ] , ) ( = 1, 2, 3, . . . , ).
Step 4 (build weighted aggregation of intuitionistic fuzzy decision matrix). After determining weights of criteria ( ), we construct weighted aggregation of intuitionistic fuzzy decision matrix:
Weighted aggregation intuitionistic fuzzy matrix is as follows:
(12)
) is the weight of aggregation intuition fuzzy matrix.
Step 5 (calculate the intuitionistic fuzzy positive ideal solution and negative ideal solution). Determine the intuitionistic fuzzy positive ideal solution * and fuzzy positive negative ideal solution − ; they are defined as * = ( * ( ) , ] * ( ))
1 collection is efficiency standards set and 2 collection is cost standards set.
Under the condition, *
Step 6 (calculate the distance of the positive and negative ideal solution). * is the distance between indicators and the positive ideal solution. − is the distance between indicators and the negative ideal solution. Using Euclidean distance to calculate * and − , it is concluded that
Step 7 (calculate the closeness coefficient).
Under the condition, 0 ≤ * ≤ 1.
Step 8 (rank alternatives). Rank all the alternatives from large to small based on the closeness coefficient and select the best one according to the value of * .
Illustrative Example
This article takes rural logistics center location selection of Dali in Yunnan province as an example to determine the fitting of the needs of the local rural logistics center location. Three experts (DM 1 , DM 2 , and DM 3 ) comprehensively evaluate the rural logistics center location. This paper uses primary election and precision selection for logistics center location selection screening and optimizing work in order to make decisions quickly and avoid the waste of time and resources.
Primary Selection.
In the primary election stage, first determine the internal and external factors that influence the logistics center choice in order to preliminarily measure and filter logistics center location.
Service Requirement. The logistics center must be able to meet the basic needs of the rural distribution and has a certain storage capacity [5] . The logistics center has large scale and information technology capability to provide special service according to the characteristics and needs of customers.
Service Quality. The logistics center must be able to respond to the needs of customers and ensure complete distribution of goods on time [18] . The logistics center has the ability to provide flexible service to make the customer satisfied.
Traffic Condition. The logistics center location must have convenient transportation and meet the requirements of output and input of a large number of goods and also can, to a certain extent, reduce the cost [5] . After collecting a large amount of logistics center location information, according to the basic demand of the rural logistics center, we finally confirm the five candidate logistics centers (A 1 , A 2 , A 3 , A 4 , and A 5 ) for subsequent selection and evaluation based on the characteristics of the logistics industry.
Precision
Selection. This paper simplifies the rural electricity evaluation index system of logistics center location selection in order to facilitate assessment. The evaluation criteria are as follows: C 1 , traffic; C 2 , economics; C 3 , environment; C 4 , politics [1, 4, 7, 18] .
Step 1 (calculate the weight of the decision-makers). We calculate the importance of criterions according to Table 1 . Calculate the weight of decision-makers by formula (7) as shown in Table 2 
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Step 2 (construct aggregation intuitionistic fuzzy matrix based on the opinions of the decision-makers). We get a new level of indicators and score after integrating the opinions of the three policymakers as shown in Table 3 .
Aggregation index level is as shown in Table 4 . Construct intuitionistic fuzzy matrix after integrating the opinions of the decision-makers: 
Step 3 (calculate the weight of the evaluation criteria). The importance of the evaluation criteria is as shown in Table 5 . Calculate the weight of the evaluation criteria by formula (10): 
Step 4 (build weighted aggregation of intuitionistic fuzzy decision matrix). After calculating the weight of the evaluation criteria, we build weighted aggregation of intuitionistic fuzzy decision matrix: Table 5 : The importance of the evaluation criteria.
Step 5 (calculate the intuitionistic fuzzy positive ideal solution and negative ideal solution). We have four evaluation criteria, C 1 , traffic; C 2 , economics; C 3 , environment; C 4 , with politics efficiency standards set for 1 = {C 1 , C 3 , C 4 } and cost type standards set for 2 = {C 2 }. We get the positive ideal solution and negative ideal solution by formula (13) 
Step 6. According to formulae (15)- (16), we calculate the values * , − , and * .
Step 7. The alternatives can be ranked as A 3 > A 1 > A 2 > A 4 > A 5 based on the value , as shown in Table 6 . A 3 is a compromise solution as logistics center location selection. 
Conclusions
This research establishes the rural logistics center location decision model based on the theory of intuitionistic fuzzy TOPSIS. We integrate the information according to experts' score based on the evaluation index system. Then, we use the entropy weight method to determine the weight of each evaluation index and rank the results by using intuitionistic fuzzy TOPSIS method. This model helps decision-makers quickly find out the suitable rural logistics center location. In addition, it is applied in an illustrative example to prove the validity and practicability of the method. Our study contributes in three ways. (1) Intuitionistic fuzzy set can effectively reduce the fuzziness and make the results more realistic and accurate than fuzzy set. The result is more objective and reliable based on the raw date. (2) Intuitionistic fuzzy improved TOPSIS can effectively deal with uncertainty evaluation information. Without adding a subjective condition, this paper retains more decisionmaking information and makes the result more scientific. (3) According to the actual requirements of the rural logistics center, we have established a more scientific and reasonable index system and applied it to an illustrative example. This paper studies the rural logistics center location decisions based on incomplete information; the decision method fully applies to logistics center location under the complete information and it can be extended to other uncertain environments. Although the usefulness of the approach has been proven theoretically, it still needs further validation. Therefore, the focus of the future is to validate the method by using the mixed evaluation value of the multiple data types, subjective and objective.
